Dependent offspring use specialized traits to attract parental care. In birds, this includes morphological ornaments (e.g. colourful plumage or mouthparts) that are associated with nestling condition and shape the allocation of parental care. Ornament expression often differs among broods, even after differences in individual condition are accounted for statistically. Understanding how this variation arises is important for understanding the information content of these signals, their functional importance, and their evolution. The present study used a cross-fostering experiment to assess the relative contributions of parental effects to among-brood differences in the mouth coloration of nestling house sparrows, specifically the carotenoid-richness, overall brightness, and ultraviolet (UV) coloration of rictal flanges. The expression of carotenoid-based coloration was explained by synchronous breeding, nest-of-rearing and nest-of-origin. Brightness and relative UV intensity, however, were explained only by synchronous breeding, and there was substantial unexplained variation in all three colour parameters. Among-brood variation in mouth coloration, then, may primarily contain information about the environment in which offspring are reared. At the individual level, ontogenetic changes in the carotenoid-richness and brightness of flanges positively reflected mass gain (a proxy for food intake). Larger and yellower chicks gained more mass, consistent with parental preferences for these traits.
INTRODUCTION
Dependent offspring across taxonomically-diverse lineages use behavioural, vocal, chemical, and morphological traits to attract parental care (Bell, 2007; Mas, Haynes & Kölliker, 2009; reviewed in Wright & Leonard, 2002) . Such offspring solicitations are often hypothesized to evolve as a means of offspring-parent communication, where offspring traits furnish information (albeit not entirely honest information; Trivers, 1974) about aspects of offspring phenotype of potential interest to parents (e.g. hunger, body size, immune status), and parents use these offspring traits to make adaptive decisions about the level and/or division of investment they provide (Mock, Dugas & Strickler, 2011) . Offspring ornaments (e.g. elaborate plumage; Lyon, Eadie & Hamilton, 1994) , for example, have been hypothesized to signal the quality of offspring in much the same way sexuallyselected ornaments reveal adult quality (Mock et al., 2011) . Consistent with this signalling hypothesis, the ornaments of nestling birds have been shown to both reveal condition proxies (e.g. body size, immune status) and influence the distribution of parental care within (Saino et al., 2000; Jourdie et al., 2004; Bize et al., 2006; Tanner & Richner, 2008; Dugas, 2009) and among broods Griggio, Morosinotto & Pilastro, 2009) .
Understanding the information content and the function of signals can help reveal the evolutionary pressures that shaped them. With respect to nestling mouth coloration, however, this picture remains incomplete; population-level variation in the intensity of offspring ornament expression is explained not only by individual phenotype, but also at the level of the brood. In other words, even when variation in individual condition is accounted for statistically, broodmates tend to resemble each other, suggesting that ornaments are influenced by factors beyond those associated with individual phenotype (plumage coloration: Johnsen et al., 2003; skin coloration: Bize et al., 2006; Soler et al., 2007; mouth coloration: de Ayala et al., 2007; Dugas & McGraw, 2011) . Understanding how among-brood variation arises is critical to understanding the proximate control of carotenoidbased colours in young birds and to interpreting any parental responses at this level Griggio et al., 2009 ).
The present study used a cross-fostering experiment to estimate the contributions of environmental variation, pre-hatching and post-hatching parental effects to among-brood differences in the rictal flange coloration of nestling house sparrows (Passer domesticus). One pigment-based and two structural features of flange reflectance that have been hypothesized to function in parent-offspring interactions were considered: (1) carotenoid-richness, a trait positively associated with nestling condition proxies and with the share of parental care obtained by nestlings in house sparrows (Loiseau et al., 2008; Dugas, 2009 ) and other passerines (Saino et al., 2000; Ewen et al., 2008) ; (2) brightness, a trait positively associated with nestling condition proxies (de Ayala et al., 2007; Dugas & McGraw, 2011 , but see also Soler et al., 2007) and likely the primary determinant of visual conspicuousness, especially in dark (e.g. cavity) nests (Götmark & Ahlström, 1998; Avilés et al., 2008; Dugas & Rosenthal, 2010; Holveck et al., 2010) ; and (3) ultraviolet (UV) coloration, a trait that does not appear to covary positively with nestling condition (de Ayala et al., 2007; Soler et al., 2007; Dugas & McGraw, 2011) , although it has been shown experimentally to influence parental allocation patterns in barn swallows (Hirundo rustica; de Ayala et al., 2007) . Descriptive work in house sparrows has revealed seasonal effects on all three colour parameters and among-brood differences in carotenoid-richness and UV coloration (Dugas & McGraw, 2011) .
Nestling house sparrow flange coloration was sampled at two ages, primarily to test how the relative contributions of parental and environmental effects to among-brood differences might change as a function of time spent in a common rearing environment. This design additionally afforded the opportunity to test several hypotheses about the signalling function of mouth coloration at the individual level. Ontogenetic changes in colour expression were first investigated as a further examination of the signalling potential of these ornaments. Next, the hypothesis that the relationship between colour and condition is mediated by nutrition (Soler et al., 2007) was tested by comparing the magnitude of ontogenetic colour shifts with the magnitude of nestling mass gain (a commonly-used proxy for food intake; Götmark & Ahlström, 1998) . Finally, whether parental preferences for carotenoid-rich mouth colours (as revealed by a short-term behavioural experiment; Dugas, 2009) were consistent over the longer-term was tested by examining the relationship between within-brood colour rank and mass gain.
MATERIAL AND METHODS

CROSS-FOSTERING EXPERIMENT
The present study investigated a free-living house sparrow population in Norman, OK, USA (Schwagmeyer, Mock & Parker, 2002) in April-July 2009 and April-June 2010. Parents were not banded and, thus, to avoid sampling the same pairs twice, each nest box was used only once per year; in an earlier study of banded pairs in this population, 172/182 used only one box per year, and 170/182 bred on the study site in only one year (P. L. Schwagmeyer and D. W. Mock, pers. comm.) . Nests were checked twice weekly to allow estimation of hatch date, and then visited daily beginning 1 day before hatching was expected; pairs of nests (hereafter, dyads) were used for crossfostering only if both broods began hatching on the same day. When possible, partial broods were swapped between nests before 15:00 Central Standard Time (CST) on the day of first hatching (day 0). However, if hatching began late in the day or only one nestling had hatched in one or both nests (i.e. the possibility of being able to transfer more nestlings by waiting was aniticipated), transfers were completed before 11:00 CST the next day. The number of nestlings swapped was based on the size of the smaller brood of each pair: when the smaller brood size was two, one nestling was swapped; when three, one or two nestlings were alternately swapped; when four, two nestlings were swapped, and when five, two or three nestlings were alternately swapped. When transferring only one nestling, the smallest brood members were avoided because these are most often the victims of brood reduction (Mock, Schwagmeyer & Dugas, 2009 ). Otherwise, nestlings were chosen for transfer based on similarity of mass (exchanged nestlings differed by, mean ± SD, 0.5 ± 0.6 g, or 16 ± 19% of the smaller chick's body mass). At transfer, nestlings were marked on the tarsus with nontoxic ink to identify nest-of-origin. If they were sufficiently large, nestlings were also fitted with colour bands on day 3.
Three and 6 days after transfer (hereafter, days 3 and 6), nestlings were briefly (< 20 min) removed to a nearby location, where they were each weighed to the nearest 0.01g on an electronic balance, the left and right tarsus was measured to the nearest 0.5 mm, and mouth colour was sampled (details below). Nestlings were kept warm when away from the nest, and at least one nestling remained in the nest at all times to prevent parental desertion. Day 3 is the day before peak brood reduction in this population (Mock et al., 2009 ) and the youngest age (i.e. smallest size) at which nestlings can be reliably handled for colour measurement. Day 6 is slightly before the midpoint of the 14-day nestling period, and is an age at which parents still control food allocation (Dugas, 2009 ) as required for offspring-parent signalling (Royle, Hartley & Parker, 2002) .
Analysis was limited to dyads in which at least one nestling from each nest-of-origin survived in both rearing nests. In 2009, this criterion was met at day 3 in ten pairs of nests (73 chicks) and eight (58 chicks) of these again at day 6; in 2010, 13 dyads (110 chicks) met this criterion at day 3 and 12 (97 chicks) of these again at day 6.
MEASUREMENT AND QUANTIFICATION OF COLOUR
The reflectance of flanges (% relative to a white standard, WS-1-SL) was measured with a USB4000 spectrometer (Ocean Optics). Light produced by a deuterium-tungsten halogen lamp (DT-MINI-2-GS) was directed through a 600-mm bifurcated fiberoptic cable to a reflectance probe held at 90°to the tissue (Andersson & Prager, 2006) . Reflected light was processed by the spectrometer and data captured using Spectra Suite software (Ocean Optics). During colour measurement, nestlings were placed in a portable 'dark box' that excluded ambient light, and their mouths were held open gently so that flange tissue that would be visible to parents during begging (Dugas, 2010) could be measured. Flange reflectance was sampled four times, once from each quadrant of the mouth (left and right side of the maxilla and mandible), and median reflectance curves were used for further analysis.
To estimate the carotenoid content of tissues (i.e. the intensity of yellow coloration), chroma was used, calculated as:
where R, Y, G and B equal the proportion of total reflectance of red (625-699 nm), yellow (550-624 nm), green (475-549 nm), and blue (400-474 nm) light, respectively. This colour parameter is visuallyrelevant (Endler, 1990) , calculated independently of brightness and UV coloration (Endler, 1990) , and positively associated with the carotenoid content of house sparrow flanges (Dugas & McGraw, 2011) .
Flange brightness was estimated as mean reflectance (%) from 320-700 nm (sensu Endler, 1990) . To estimate the intensity of UV coloration, the mean reflectance of the UV peak (320-350 nm) was compared with the mean reflectance from 600-699 nm, a spectral region unlikely to be influenced by carotenoids (Mays et al., 2004; Jacot et al., 2010; Dugas & McGraw, 2011) . Repeatability (R; sensu Lessells & Boag, 1987) , estimated using one randomly-selected nestling from each day 6 rearing brood, was highest for chroma (F 39,120 = 41.77, P < 0.001, R = 0.911), followed by relative UV intensity (F39,120 = 28.48, P < 0.001, R = 0.873) and brightness (F39,120 = 12.72, P < 0.001, R = 0.746).
In avian soft parts, both maximum brightness and relative UV intensity are probably determined by physical (i.e. pigment-independent) properties of the tissue, with carotenoid deposition negatively influencing these features of reflectance (Andersson & Prager, 2006; Mougeot et al., 2007) . Because colour was of interest here as a measure of the physical and pigmentary phenotype of nestlings (i.e. not as a visual phenomenon), chroma was included as a covariate in all analyses of brightness and UV intensity to allow for estimation of the properties of pigment-free tissue (sensu Dugas & McGraw, 2011 ).
STATISTICAL ANALYSIS
Brood-level analysis
For analysis of cross-fostering data, linear mixed models were used with an individual colour parameter entered as the dependent variable, with mass as a fixed effect, and with four random effects included: (1) 'dyad' (pair of nests), which reflects both pre-and post-hatching environmental variation experienced by parents and offspring (e.g. weather, abundance and/or quality of available food); (2) 'nest-of-origin', which reflects pre-hatching parental effects (i.e. maternal effects and/or incubation) and any genetic effects; (3) 'nest-of-rearing', which reflects variation in post-hatching parental effects (e.g. the quantity and/or quality of parental care); and (4) 'nest-of-origin by nest-of-rearing', which accounts for differences between chicks from the same nest-of-origin that are reared in their own versus a foster nest. Nest-oforigin, nest-of-rearing, and the interaction were all nested within dyad (Fitze, Kölliker & Richner, 2003b; Biard, Surai & Møller, 2006; Isaksson, Uller & Andersson, 2006) . In this population, 20% of nestlings are unrelated to at least one rearing parent, with 17% sired by extra-pair males (Whitekiller et al., 2000; Edly-Wright et al., 2007) ; 'nest-of-origin', therefore, probably underestimates genetic differences, although it captures maternal effects fairly, at least to the extent they are shared by all members of a AMONG-BROOD VARIATION 171 nest-of-origin (Saino et al., 2002; Bertrand et al., 2006) . Mass was included as a fixed effect in the above model because the study aimed to investigate the among-brood differences not explained by individual phenotype. Including mass as a covariate also provided an additional test of the relationship, reported elsewhere, between each colour parameter and nestling mass (Dugas & McGraw, 2011) . In a supplementary analysis, mass was replaced with tarsus length, an aspect of nestling condition not yet examined in this system. As detailed earlier, chroma was also included as a fixed effect in analyses of brightness and relative UV intensity. Models were run for day 3 and day 6 measurements separately.
To estimate the significance of parameter estimates of random effects, a -2 residual log likelihood ratio test was used in which a full model was compared with a reduced model not including a given random effect (Quinn & Keough, 2002; Agresti, 2007; Dickey, 2008) . With this test statistic (G 2 ; sensu Quinn & Keough, 2002: 364) , the P-value was estimated using a chisquare distribution with 1 degree of freedom (Sokal & Rohlf, 1995; Quinn & Keough, 2002; Agresti, 2007; Dickey, 2008) . Degrees-of-freedom for fixed effects were calculated with Satterthwaite's approximation.
Individual-level analysis
To examine ontogenetic changes in mouth coloration and the relationship between coloration and nestling growth, a reduced data set was used containing only nestlings from 12 dyads in which all chicks could be re-identified on day 6 [two (15 chicks) from 2009 and ten (85 chicks) from 2010]. First, changes in individuals' colour between day 3 and 6 were investigated using repeated-measures linear mixed models with random effects as above but with age instead of mass as a fixed effect; as before, chroma was included as a fixed effect in analyses of brightness and relative UV intensity. Then, using this same reduced data set, the magnitude of ontogenetic changes (day 6-day 3) in colour and nestling mass was calculated to test the prediction that the magnitude of any colour change would be related to the magnitude of mass gain (i.e. used as a proxy for food consumed, the variable manipulated by Soler et al., 2007) . Linear mixed models were used with colour change as the dependent variable, mass change and day 3 colour values as fixed effects, and random effects as described earlier; in analyses for brightness and relative UV intensity, the change in chroma was this time included as a fixed effect.
Finally, the smaller 12-dyad data set was used to test the prediction that, within broods, more colourful nestlings are fed preferentially by parents (Saino et al., 2000; Dugas, 2009) . Within rearing broods, day 3 nestlings were ranked according to mass and chroma (separately), and then linear mixed models were used with mass gain as the dependent variable, random effects as described earlier and, as fixed effects, either (1) chroma rank, (2) mass rank or (3) both chroma and mass rank (three different analyses). Because colour variables were inter-correlated, considering brightness and relative UV intensity independently of carotenoid-richness was impractical in this context; chroma is the aspect of coloration previously shown to influence parents in this species (Loiseau et al., 2008; Dugas, 2009) , and so it was given priority. Mass gain (between days 3-6) was squared to meet the assumption of normality; all other variables were normally distributed. SAS, version 9.2 was used for all analyses (SAS Institute).
RESULTS
The total variation explained by random effects (dyad, nest-of-origin, nest-of-rearing, and the nest-of-origin by nest-of-rearing interaction) was similar on days 3 and 6, with approximatetly 80% of chroma, 50% of brightness, and 40% relative UV intensity variation explained (Table 1) . Chroma was significantly explained by dyad, nest-of-rearing, and nest-of-origin, with the amount of variation explained declining in that order (Table 1) . Between days 3 and 6, the contribution of dyad and nest-of-rearing both increased slightly, whereas that of nest-of-origin fell slightly (Table 1) . Brightness, on the other hand, was explained only by dyad, which accounted for slightly more variation on day 3 than day 6 (Table 1) . Relative UV intensity was explained significantly by dyad on day 3, and the effect of nest-of-rearing was marginal; on day 6, no random effects were significant (Table 1) .
The analyses detailed above revealed positive relationships between nestling mass and chroma and brightness but not relative UV intensity (Table 1) . These relationships were similar when tarsus length was included as a covariate in place of mass (Table 2) , as were the results for random effects (not shown). Between days 3 and 6, chroma values increased and relative UV intensity values decreased, whrereas brightness did not change significantly (Table 3 ). The magnitude of these ontogenetic changes between days 3 and 6 was negatively associated with day 3 value for all three colour parameters, and for brightness and chroma, was positively associated with nestling mass gain over the same period (Table 4) . Most random effects included in the above models were nonsignificant, although nest-of-rearing explained significant variation in chroma increase, and there was a marginal (P = 0.06) effect of dyad on the change in relative UV intensity (Table 4) . Within broods, nestlings with higher day 3 mass ranks gained more mass from days 3 to 6 (F 1,70.1 = 6.39, P = 0.014, b ± SE = -4.73 ± 1.87), and there was a marginal Table 1 . Results of linear mixed models assessing the sources of variation in nestling house sparrow mouth coloration at days 3 and 6 post-hatching Random effects AMONG-BROOD VARIATION 173 tendency for nestlings with higher day 3 chroma ranks to gain more mass than lower-ranked broodmates (F1,68.7 = 3.36, P = 0.071, b ± SE = -3.43 ± 1.87). When both mass and chroma rank were included in the model, the effect of mass rank was significant (F1,69 = 5.00, P = 0.029, b ± SE = -4.21 ± 1.19), whereas the effect of chroma rank was not (F1,69.9 = 1.91, P = 0.172, b ± SE = -2.59 ± 1.87).
DISCUSSION
Most among-brood variation in the physical (brightness and relative UV intensity) and chemical (carotenoid-richness) aspects of nestling house sparrow flange coloration was explained by dyad, a term that captures similarities between synchronous broods. Beyond that, parents influenced only the carotenoid-based coloration of their offspring, and did so both before and after hatching; post-hatching parental effects were stronger, and this difference increased with nestling age. These parental effects, as well as their absolute and relative magnitudes, are consistent with cross-fostering studies of nestling plumage in other passerines (Fitze et al., 2003b; Johnsen et al., 2003; Isaksson et al., 2006) . The effect of synchronous breeding, however, was relatively strong in this house sparrow population, a pattern that might result from fluctuating carotenoid availability during the long breeding season (April-August).
The sensitivity of among-brood coloration to extrinsic factors raises interesting questions about the coevolution of offspring signals and parental preferences. Parents might exert the directional selection assumed by comparative studies (Kilner, 1999; Soler & Avilés, 2010) on even environmentally sensitive colours with simple behavioural rules such as, 'feed brood members with the most intense coloration.' However, a parental response to brood-level variation Griggio et al., 2009) would require parents to compare colours to some internal preference function rather than simply another colour in their field of view, a more complex task when carotenoid availability varies annually or seasonally and might even vary independently of overall food Tarsus was entered as a fixed effect in a linear mixed model model in which dyad, nest-of-origin within dyad, nest-of-rearing within dyad, and nest-of-origin by nest-of-rearing within dyad were included as random effects. For brightness and relative ultraviolet (UV) intensity, chroma was included as a covariate to better estimate the pigment-free features of tissue reflectance. Results for random effects and the fixed effect of chroma in the analysis of brightness and relative UV intensity (not shown) were similar to those presented in Table 1 . Table 3 . Changes in the coloration of nestling house sparrow flanges between days 3 and 6 post-hatching assessed with repeated-measures linear mixed models in which age was included as a fixed factor and dyad, nest-of-origin within dyad, nest-of-rearing within dyad, and nest-of-origin by nest-of-rearing within dyad were included as random effects The estimated effect of day 3 and its SE is presented; positive estimates indicate that the value of a colour parameter decreased from day 3 to 6, whereas negative values indicate that it increased. UV, ultraviolet. The day 3 value of colour is included as a fixed effect. For brightness and relative UV intensity, the change in chroma is also included as a covariate to control for the negative effect of carotenoid deposition on these two colour parameters. For ease of presentation, estimates and SE of random effects are presented
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abundance (Sternalski et al., 2010) . Within-and among-brood parental colour preferences, then, might evolve independently and be related to the temporal variation in carotenoid availability for a particular species or population. For carotenoid-based coloration, brood-level variation attributable to dyad, rearing nest, and nest-oforigin could, at the proximate level, all reflect differences in the quantity of pigments available to nestlings via yolk and/or food. Both experimental manipulations of dietary carotenoids (Tschirren, Fitze & Richner, 2003; Loiseau et al., 2008 , Sternalski et al., 2010 and the positive relationship between mass gain and colour development (this paper) suggest that post-hatching intake is important for colour expression, whereas , in contrary, yolk carotenoids explained only a small amount of variation in plumage coloration of nestling great tits (Isaksson et al., 2006) . The extent to which information regarding carotenoid intake might guide adaptive parental decisions depends on the relationship between carotenoid-richness and offspring value; whether such a relationship can drive the evolution of coloration depends on how much information contained in colours would be otherwise unavailable to parents.
A relationship between carotenoids and offspring quality is fairly well-supported. Correlative studies have documented positive relationships between carotenoid-based coloration and condition proxies (Johnsen et al., 2003; Loiseau et al., 2008; Dugas & McGraw, 2011) , and experimental diet supplementations have indicated positive growth and health effects of carotenoids, albeit more strongly prehatching (Saino et al., 2003a; McGraw, Adkins-Regan & Parker, 2005; Ewen et al., 2009 ) than posthatching (Fenoglio, Cucco & Malacarne, 2002 ; for null results, see also Biard et al., 2006; Fitze & Tschirren, 2006; Loiseau et al., 2008) . Whether broodlevel colour variation offers parents information otherwise unavailable has received less attention, although it is plausible that some information would be accessible to parents only through offspring phenotype. For example, parents may not have direct knowledge of the carotenoid content of food or the extent to which dietary carotenoids are biologically available to nestling physiology (Sternalski et al., 2010) . Offspring ornaments influenced primarily by one parent (e.g. via yolk provisioning or paternal food deliveries; Fitze et al., 2003a, b; Isaksson et al., 2006) may be of particular value to the other (see parallel argument for sexually-selected egg coloration: Moreno & Osorno, 2003) .
Among-brood differences in carotenoid-based coloration could also be explained by mechanisms other than carotenoid intake. Variation explained by dyad might reflect similarities among parents themselves if, for example, timing of breeding were linked to parental quality (Verhulst, van Balen & Tinbergen, 1995; Hatch & Westneat, 2007) . Plausible rearing nest effects might also include levels of ecto-or endoparasites, both of which have been shown to influence the expression of carotenoid-based coloration in birds (Brawner, Hill & Sunderman, 2000; Tschirren et al., 2003) . Nest-of-origin effects may reflect genetic (Johnsen et al., 2003) or developmental differences that affect the uptake of dietary carotenoids. Although the expression of carotenoid-based coloration is inevitably tied to carotenoid intake, evidence is growing that the relationship between intake and coloration in natural populations is complex and likely includes many of the above mechanisms (Hadfield & Owens, 2006; Sternalski et al., 2010) , all of which appear especially likely to be otherwise cryptic to parents.
Although individual-level brightness variation appears to be linked to nestling mass and food consumption (Jacot et al., 2010) , any brood-level variation seems to reflect only differences in the timing of breeding attempts. This result is similar to that of a cross-fostering study of great tit plumage (Parus major; Fitze et al., 2003b) , and consistent with a seasonal increase in these reflectance parameters revealed by a descriptive study of nestling mouth coloration in this house sparrow population (Dugas & McGraw, 2011) . The proximate mechanism through which this effect emerges is unclear, although it might reflect differences in development rates and thus the arrangement of physical structures responsible for bright reflectance (Fitzpatrick, 1998) . The availability of specific nutrients required for the generation of bright reflective base tissue might also vary seasonally but not among families (Peters et al., 2007) . Results for UV coloration were ambiguous, and suggest that among-brood variation arises from small and variable contributions of the environment and parents. At the within-brood level, the present study found support for a link between food intake and colour development (as predicted by Soler et al., 2007) . This ability of colour to integrate past provisioning behaviour could allow parents either to correct previous deviations from within-brood parity or to exaggerate them. A high level of brood reduction in tandem with a tendency to feed larger or yellower nestlings preferentially (Dugas, 2009; Mock et al., 2009) suggests that house sparrow parents pursue the latter strategy; patterns of mass gain in the present study confirm these earlier findings. Thus, even small early colour differences, amplified by parental preferences, might lead to colour hierarchies and mediate longterm parental favouritism. On the other hand, chicks with more intense day 3 colours gained colour less rapidly than paler individuals, and so lavish parental provisioning might reduce within-brood variation and, therefore, colour-mediated competition (Bonabeau, Deneubourg & Theraulaz, 1998) .
Correlative studies (de Ayala et al., 2007) and experimental manipulations of offspring condition (immune challenges: Saino et al., 2000 Saino et al., , 2003b ; corticosterone injections: Loiseau et al., 2008) suggest that mouth coloration can signal variation among individual nestlings within broods, although they do not explain the among-brood variation present in natural populations. The present study reveals that most brood-level variation is explained by synchronous breeding and rearing conditions. Thus, among-brood colour differences may capture less about intrinsic properties of broods themselves than about the circumstances in which they are being reared. Because the environment shapes the relationship between parental investment and pay-offs in terms of offspring fitness (Davis, Todd & Bullock, 1999) , such information may be valuable to parents, and so might contribute to the evolution of ornamentation.
